Background: The incidence of carpal tunnel syndrome (CTS) is 48 million patients in the United States. The purpose of this longitudinal study was to determine whether Dynasplint stretching (immediately after diagnosis) had an effect on a patient's decision to seek surgical treatment for CTS. Methods: Fifty patients (10 men, 40 women, mean age 51.2 ± 12 years) were recruited for this randomized, controlled, longitudinal trial. Patients were diagnosed with CTS by physical examination and nerve conduction studies. The intervention used was Dynasplint stretching that delivered a prolonged duration of low load stretching. Patients who were randomly chosen for the Experimental category wore the device for two 30-minute sessions per day with regular increases in splint tension for 60 days. Control patients received nonsteroidal anti-inflammatory medication plus instructions on daily home stretching. Results: The final, longitudinal outcome showed a 72% reduction in surgery chosen by the experimental group (n = 25), compared with 38% reduction for control patients (n = 25). Conclusions: Immediate treatment with Dynasplint stretching showed a 2 to 1 reduction in surgery, with abundant financial savings.
Introduction
This is an investigation of a nonsurgical treatment for carpal tunnel syndrome (CTS) that has a suggested lifetime occurrence of 48 million patients in the United States. 1, [3] [4] [5] [6] [7] [8] [9] 13, [16] [17] [18] [19] [20] [21] [22] [23] [24] [26] [27] [28] [29] CTS is defined as compression and/or entrapment of the median nerve as it traverses through the carpal tunnel that causes impairment of motor and/or sensory nerve conduction. The resulting symptoms include numbness, paresthesia, and pain in the median nerve distribution, occurring as a result of compression of the median nerve at the wrist, frequently due to hypertrophy or edema of the flexor synovium. The differential diagnosis assessment includes patient history, physical examination, and electrodiagnostic testing (motor and sensory nerve conduction). 2, 6, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [25] [26] [27] [28] [29] Current treatments for CTS still often require postoperative sick leave that exceeds 2 weeks, 10, 13, 21, 24, 26 and Dynasplint splinting uses a prolonged duration of passive, joint-specific, end-range (of motion) stretching with low loads of force. Dynamic splinting has been shown to reduce sick-leave time. 3, 4, 8 The Dynasplint modality for CTS works by stretching the transverse carpal ligament with a protocol of prolonged, low-intensity stretching (see Figure 1 .) Berner et al conducted the initial randomized, controlled trial to examine this modality and therapeutic protocol, 4 and this current study was the prolonged follow-up.
The results from that randomized, controlled trial showed a significant reduction in Levine-Katz symptom scores (40% reduction, P < .001) in only 60 days for experimental patients, but control participants displayed a mean 1-point increase in Levine-Katz symptom scores. The purpose of this longitudinal outcome study was to determine whether Dynasplint stretching (immediately after diagnosis) had effects on the choices for surgical treatment of CTS.
Methods
This longitudinal examination of patients' choices for surgery was completed by tracking medical records following 626925H ANXXX10.1177/1558944715626925HANDWillis and Fowler completion of the initial randomized controlled trial. The trial measured change in symptoms with Levine-Katz symptom survey and changes in nerve conduction (see Table 1 ). This survey is a 100-point questionnaire divided into 2 sections. The first section addresses frequency, intensity, and duration of pain, whereas the second section examines functional abilities hindered by pain. This study was approved by the LifeBridge Hospital's Institutional Review Board (including medical record examinations), and informed consent was obtained from all individual participants included in the study.
CTS diagnosis was confirmed with physical examination and a nerve conduction test of the median nerve (following electrodiagnostic standards established by the American Association for Hand Surgery). Patients then were qualified for participation based on the inclusion/exclusion requirements given in Table 2 . (Ten patients were prohibited from participation because they met one of the exclusion criteria.) Subject categories were calculated randomly by the SPSS program (Chicago, Illinois; see Figure 2 ).
The control patients were only treated with nonsteroidal anti-inflammatory medications, stretching exercises, and instructions for reducing the potential movement causing the pain. Steroid injections were not given during this period so that results would be uniform. The initial Levine-Katz symptom survey scores were 45.5 for experimental patients and 44.3 for control patients.
Intervention
The experimental patients were treated with Dynasplint stretching modality ( Figure 1 ; Dynasplint Systems, Inc., Severna Park, Maryland). Each Dynasplint (DS) was customized by one technician to fit each patient's hand length, width, and girth. The first week of DS use was an accommodation period for the patient, and patients were encouraged to wear the unit twice daily for 15 minutes each session. Time was then increased by 2 to 4 minutes each following session. After the patient comfortably wore the device for two 30-minute sessions each day for 1 week, instructions were given to increase the tension of the DS device once every 2 weeks, based on comfort and tolerance. If the new tension setting caused excess joint fatigue or "soreness," the patient was instructed to reduce the time to 15 minutes, twice daily, and work the time back up to 30 minutes, twice daily.
The goal was to wear the modality for 30 minutes, twice a day and increase the tension twice a month, based on comfort and tolerance. All patients were instructed to communicate on compliance through weekly transfer of wearing diary records to the prescribing physician. (All patient records were held in confidence under the Helsinki Declaration by the World Medical Association.)
Duration
The controlled trial lasted 60 days to determine whether there were significant, immediate changes in pain, function, and nerve conduction. It was brief to ensure 100% compliance and completion. The dependent variables in that trial were change in the Levine-Katz symptom survey and change in nerve conduction (sensory and motor latency). These tests were conducted following enrollment and after completion of the 60-day phase. Tracking was measured by receipt of patients' wear dairies that were e-mailed or faxed to the prescribing physician's office weekly. The inclusion/ exclusion criteria can be examined in Table 2 and the flowchart for that trial can be seen in Figure 2 .
The longitudinal follow-up and tracking (12 months following the controlled trial) was chosen to measure permanence of changes but patients could choose surgery any time during that duration. After completion of the initial randomized trial, all control over treatments was removed. All patients were free to pursue any treatment methods they wished, including surgery, manual hand therapy, massage therapy, steroid injections, continued dynamic splinting, and so forth. Tracking of these treatment options were completed, and a Fisher's analysis was completed on the followup, tracking data. 
Results
The longitudinal outcome showed a statistically significant difference in choice of surgical outcome for experimental versus control patients (P = .425). In 12 months following completion of the controlled trial, 18 of 25 experimental patients (fit immediately with DS) avoided surgery, which was a 72% reduction. Only 9 of 25 control patients avoided surgery over 12 months following the initial trial, which was a 38% reduction. Following the 60-day trial, none of the secondary, unregulated treatments had a statistically significant effect on the outcomes of choice for surgery (P > .05) and this was calculated with repeated-measures analysis of variance (ANOVA).
In the previous controlled trial, the Levine-Katz symptom survey scores showed a significant reduction for experimental participants from 45.5 to 32.4 after 60 days (P < .001). Control group participants displayed increased symptom scores of 44.3 to 46.0 after 60 days.
Discussion
This modality showed a 2 to 1 reduction in the patients' choice of surgery over 12 months following the controlled trial. This longitudinal outcome reflects findings from other studies. 2, 15 Baker et al stated in their conclusion said that "Results do suggest that a combined splinting/stretching treatment may be effective in reducing the incidence of CTS surgery." Their study showed that following 24 weeks of treatment, 74.5% of those participants avoided choosing surgery. 2 Efficacy of nonsurgical interventions was also studied by Mishra et al who examined static splinting compared with oral steroids. 18 Their study of 40 participants used a static, neutral position splint for 4 weeks, and their study showed benefits in reduced symptoms and improved nerve conduction for both groups in a 3-month outcome. Nobuta examined static splinting on 171 hands with parabolic outcomes following a 7-month study. 19 Their calculations showed that 41 hands reported excellent outcomes, 110 hands were good, 45 hands fair, and 18 hands were graded as poor. They concluded that static splinting was the most effective in low to moderate levels of severity, but that surgical release was still needed for severe CTS. Static splinting was beneficial but it does nothing to elongate the connective tissue. Dynasplint uses sequential tension changes to achieve lengthening of connective tissues. 4 A systematic review by Huisstede et al found that none of the Standard of Care (SOC) treatments examined (this included oral steroids, steroid injections, ultrasound, electromagnetic field therapy, and static splinting) displayed long-term effects in treating CTS. 12 If surgery is selected the duration of postoperative sick leave is important to consider. Hansen et al completed a prospective surgical outcome study examining the difference in "sick days" following endoscopic carpal tunnel release surgery. 10 In this study, 75 employed, Danish patients averaged 20 days of sick leave and reported symptoms causing reducing work productivity for a mean of 10 months. A similar study by Katz et al showed that a significant percentage of patients were absent for 21 days following endoscopic carpal tunnel release. 14 The controlled trial was effective in reducing symptoms and achieved 100% compliance over 60 days. Patients reported feeling the benefits of stretching that may have encouraged their compliance. After completion of the controlled trial, treatments over the second phase (12 months) were intentionally unregulated but were tracked.
Kier and Rempel discussed the anatomical relationships in the carpal tunnel, and their description of how hydrostatic pressure can be measurably changed by either increasing or decreasing the volume of the contents explains why prolonged, passive stretching of the transverse ligament reduces the symptoms of CTS. 15 They elaborated that the structure of the carpal tunnel is easily compressed because it has an hourglass-shaped structure. This further explains the need for prolonged stretching with sequential changes in tension on the transverse ligament to reduce symptoms of CTS.
The cost savings with dynamic splinting versus surgery were abundant. In the location of this study, one endoscopic surgical procedure for treating CTS was reported to have a total cost of $6000 compared with this unit's 2-month rental cost of $900. (The normal prescription for full reduction of symptoms is 4 months.) The cost of Dynasplint versus surgery in this study (excluding treatments after 60 days) yielded total costs of $64 500 for all experimental subjects versus $96 000 for all control subjects (see Table 3 ). One can also infer the greater savings in pain and workplace absence. 10, 13 The limitations of this study include that only a small population was tested and that this trial was conducted at only one site. Another limitation is that the experimental treatment duration was limited to 60 days. A recent article has reported an even higher incidence of CTS as 3.51 per 100 person-years, 11 and this further mandates the need for research in prevention and nonsurgical treatments. Future research should be conducted in a multicenter trial to measure effects with longer, 10-year durations of Dynasplint stretching treatment regimes.
This modality showed reduction of symptoms and a 2 to 1 benefit ratio in reduction of surgery over 12 months following the controlled trial, and this therapeutic modality should now be considered in the treatment plan for CTS.
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CONTROl GROUP (N=25)
Cost of Surgery, 16 × $6,000 = $96,000
Total Cost-----------------------------------------------$96,000
EXPERIMENTAl GROUP (N=25) Cost of Dynasplint (2 mo.) 25 × $900 = $22,500 Cost of Surgery, 7 × $6,000 = $42,000
Total Cost-----------------------------------------------$64,500   SAvIngS------------------------------------------------$31,500 
